Metabolic Activation of Carbon Tetrachloride to a Free-Radical Product
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Carbon tetrachloride is a well known and much studied hepatotoxic agent; it is known to require activation by the NADPH-cytochrome P-450 system present in liver endoplasmic reticulum to manifest its full toxic activity [for reviews of early literature and the requirement for metabolic activation, see Recknagel(l967) and Slater (1 972)].
There is a range of indirect evidence favouring the trichloromethyl radical as the primary activated species (see Slater, 1972) ; for example, the covalent binding of the [14C]CC13 group to protein and lipid following administration of [14C]carbon tetrachloride to rats, and the metabolic production of chloroform and hexachloroethane from administered carbon tetrachloride (Paul & Rubenstein, 1963 ; Fowler, 1969) are consistent with the primary production ofthe CC13' free radical. Attempts to demonstrate the presence of this radical by direct e.s.r. techniques have not, however, been successful (Calligaro eral., 1970; Keller ef al., 1971 ; Slater, 1972; Burdino et al., 1973) . The major reason for such failures is probably the high chemical reactivity of CC13' in a liquid phase (Lesigne et al., 1974) . Slater (1976) has calculated that the half-life of CCI3. in the environment of the endoplasmic reticulum is probably less than 1 0 0~s ; when this estimate is used in conjunction with the known maximum rate of metabolism of carbon tetrachloride to C 0 2 (Seawright & McLean, 1967) then the probable steadystate concentration of CCI,' both in vivo and in vitro can be calculated to be below the level of detection by e.s.r. spectroscopy.
The technique of spin trapping was used by Perkins et al. (1970) in a study of the reactivity of CCI3. radicals. Basically the procedure relies on the interaction of a reactive radical such as CC13', with a substituted nitrone to yield a stable nitroxide radical that can be studied by e.s.r. Even low steady-state concentrations of reactive radicals can be studied with this procedure, since the product progressively accumulates. Spin trapping has been applied to several biological systems, including microsomal 576th MEETING, LONDON The carbon tetrachloride signal height was some 4-5 times the height of its respective control value.
fraction (Saprin & Piette, 1977) . We report here on the use of the spin trap t-butyl N-oxide to detect the formation of CC13' by liver endoplasmic reticulum.
Rat liver microsomal fractions were prepared by the method of Slater & Sawyer (1969) from phenobarbital-stimulated (1 mg/ml in drinking water ad libitum for 7 days) male rats of approx. 250g, which were then starved overnight and killed by cervical dislocation. The microsomal fractions were stored under N, at -20°C until required, when they were resuspended in 0.1 M-Tris/HCI buffer, pH 7.4 (microsomal fractions from log of liver/ml of buffer). The microsomal fractions were incubated aerobically with a stock NADPH-generating system (see the legend to Fig. 1 ) and a final spin-trap concentration of 7 . 6 m~. Test substances were added directly to the incubation mixture, with appropriate additions being made to control samples. The reaction was carried out at 37°C for lOmin and stopped by adding a 50pI portion of the reaction mixture to 1 0 0~1 of chloroform and 50p1 of methanol. A 5OpI sample of the lower chloroform layer was examined by using either a Varian E3 or E9 spectrometer concentrating attention to the g = 2 region. A typical three-line nitroxide spectrum with a hyperfine splitting of 1.5mT (15 G) was observed when carbon tetrachloride was added to the incubation mixture (see Fig. 1 ); no triplet structure was visible in the absence of carbon tetrachloride. A similar though more intense spectrum was also observed when bromotrichloromethane was added to the incubation mixture, which reflects the differing ease of formation of the CCI3-radical from the two compounds (Slater & Sawyer, 1 9 7 1~; Slater, 1972) . The effects of various inhibitors of microsomal lipid peroxidation on the nitroxide signal height are listed in Table 1 . The effects of these inhibitors on lipid peroxidation have been investigated by Slater & Sawyer (1971b,c) by using rat liver microsomal suspensions, and by using isolated hepatocytes by Poli et af. (1978) . The results obtained in these spintrap experiments differ from the effects produced on lipid peroxidation by the same agents in the sense that scavengers such as propyl gallate and catechin, which strongly inhibit lipid peroxidation, had no inhibitory effect on the triplet signal.
X-ray irradiation of the spin trap under anaerobic conditions (with a 4MeV linear accelerator) in pure carbon tetrachloride produced a second nitroxide-type compound with a triplet e.s.r. spectrum with a hypefine splitting of only 0.7mT (7G). Repeating this irradiation with [13C]carbon tetrachloride produced a six-line spectrum, which is consistent with the addition of a CCI3. radical to the trap, the three nitrogen lines each being split in two by the I3C atom. Use of ['3C]carbon tetrachloride in the microsomal resulted in no apparent change in the observed spectrum.
In the light of these results and those obtained by Slater & Sawyer (1971b,c) on the Vol. 6 effect of these inhibitors on microsomal lipid peroxidation, we would suggest that although some product of carbon tetrachloride metabolism is evidently being trapped in peroxidizing microsomal fractions by t-butyl N-oxide, it is not the CC13. radical itself that is being trapped in this instance. In fact, recent work in this laboratory (J. Packer, T. F. Slater & R. L. Willson, unpublished work) suggests that CC13' very rapidly forms an adduct with O2 to produce the CC13-02' radical. It is possible that the species trapped in microsomal fractions, in the anaerobic microsomal experiments described here, is either CCI3-O2* or a secondary lipid peroxy radical rather than the CCI3' species itself.
We are grateful to the Science Research Council for providing financial support to A. I. during the course of these studies. The azo-dye carcinogen NN-dimethylaminoazobenzene (DAB) , is metabolized in the liver principally by N-demethylation, 4'-hydroxylation and conjugation with glucuronic acid and H2S04 (Miller & Miller, 1969 Although azo reductase also occurs in the liver few, if any of the reduced products are excreted in the bile, owing to their low molecular weight. In the overall process, biotransformation rather than biliary transport of metabolites appears to be ratelimiting (Levine & Finkelstein, 1978) . In support of this conclusion are the findings that inducers and inhibitors of the mixed-function oxidase system enhance and suppress respectively biliary excretion of radioactivity after NN-[14C]dimethylaminoazobenzene injection. By-passing the metabolic steps through injection of preformed NN-[I4C]-dimethylaminoazobenzene metabolites results in a more rapid rate of excretion and the inducers and inhibitors are now without effect.
Metabolism and Biliary Excretion of NN-Dimethylaminoazobene
After administration of a large dose of NN-dimethylaminoazobeenzene or other azodye carcinogens, there is a transient decrease followed by a marked increase of liver
